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ABSTRACT 

During t h i s  r epor t ing  per iod ,  a major e f f o r t  was p u t  i n t o  improving t h e  

y i e l d  of high q u a l i t y  s i l i c o n  c r y s t a l s  grown during continuous runs.  It was 

f e l t  t h a t  t h i s  o b j e c t i v e  could be accomplished by e l imina t ing  any poss ib l e  areas 

of furnace  o r  m e l t  contamination. The areas of poss ib l e  contamination are l i s t e d  

i n  t h i s  r e p o r t  i n  Sec t ion  2.2.1. 

Mechanical checks and c a l i b r a t i o n s  were s t r e s s e d  t o  make s u r e  the machine 

w a s  acceptab le  by product ion s p e c i f i c a t i o n s .  A preven ta t ive  maintenance program 

w a s  a l s o  i n i t i a t e d  t o  make s u r e  t h a t  t h e  machine remains i n  good condi t ion  f o r  

growing c r y s t a l s .  As a r e s u l t  of t hese  e f f o r t s ,  w e  were a b l e  t o  improve our  y i e l d  

of h igh  q u a l i t y  c r y s t a l  as evidenced by Runs No. 41 (66%) and No. 47 (88%). It 

w a s  d i sappoin t ing  t h a t  n e i t h e r  of t h e s e  continuous runs r e s u l t e d  i n  100 kg o r  

more pul led .  However, we feel  t h a t  our  e f f o r t s  t h i s  qua r t e r  have been i n  t h e  r i g h t  

d i r ec t ion .  Moreover, i f  i t  had n o t  been f o r  a c r u c i b l e  f a i l u r e ,  w e  f e e l  t h a t  

Run No. 47 could have continued t o  the  100 kg goa l .  

Samples from Run No. 30 were t e s t e d  f o r  impuri ty  concent ra t ions  w i t h  r e s u l t s  

which i n d i c a t e  t h a t  contaminates may have been present .  These r e s u l t s  i n d i c a t e  that 

more work and s tudy i s  needed i n  t h e  areas of m e l t  contamination and furnace  

atmosphere ana lys i s .  

Hot m e l t  replenishment methods and c a p a b i l i t i e s  f o r  lump recharg ing  were 

developed t o  the  po in t  where it is now poss ib l e  t o  dump 15 kg of lump s i l i c o n  

i n t o  a 12" c ruc ib l e  i n  one recharge cyc le  using a two s t e p  method. 
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1.0 INTRODUCTION 

The purpose of th is  program is t o  demonstrate t h e  growth of a t  l eas t  100 

kilograms of s i n g l e  c r y s t a l  i ngo t  from one c r u c i b l e  by t h e  Czochralski (CZ)  method. 

The approach t o  t h e  continuous growth process  being pursued i n  t h i s  e f f o r t  

relies on convent ional  CZ technology combined wi th  new equipment designs which 

al low repea ted  a l t e r n a t e  cyc les  of c r y s t a l  growth and h o t  m e l t  replenishment by 

methods which are s u i t a b l e  f o r  u s e  i n  a h igh  volume production f a c i l i t y .  

A Hamco Model CG2000 c r y s t a l  grower w a s  modified wi th  a s p e c i a l  chamber f o r  

t he  s t o r a g e  of a supply of p o l y c r y s t a l l i n e  s i l i c o n  and a vacuum-tight i s o l a t i o n  

valve t o  permit r e t r i e v a l  of c r y s t a l s  and m e l t  replenishment without  contamination. 

A number of a d d i t i o n a l  modi f ica t ions  t o  the  f a c i l i t y  have been completed i n  t h e  

program, and t h e  process  s tudy  phase is now under way, wi th  a number of mult i - ingot  

runs having been performed. 

It i s  t h e  purpose of t h i s  con t r ac t  ex tens ion  t o  descr ibe  a program aimed a t  

a more accu ra t e  cos t  a n a l y s i s  of t h e  continuous growth of s i l i c o n  i n t o  material  

and a l s o  an i n v e s t i g a t i v e  program f o r  t h e  purpose of def in ing  and so lv ing  problems 

which may h inde r  the development of continuous Czochralski growth. 

The proposed work c o n s i s t s  of two e f f o r t s ,  t h e  f i r s t  being to  conduct a series 

of continuous c r y s t a l  growth runs i n  a p i lo t -p lan t - type  opera t ion .  This i s  f o r  the  

purpose of e s t a b l i s h i n g  wi th  more c e r t a i n t y  the  c o s t s  of t he  process  and pushing 

, the technology even f a r t h e r  from the  present  l abora to ry  opera t ion  toward production. 

The second (and p a r a l l e l )  e f f o r t  w i l l  be t o  conduct an i n v e s t i g a t i o n  s tudy i n  the.  

areas which appear t o  be r e l a t e d  t o  y i e l d  of h igh  q u a l i t y  c r y s t a l ,  s p e c i f i c a l l y  the  

q u a l i t y  of t h e  c ruc ib l e ,  the  e f f e c t  of impur i t i e s  on degradation of t h e  c ruc ib l e ,  

t he  in t roduc t ion  of i m p u r i t i e s  i n t o  the  s i l i c o n ,  and t h e  e f f e c t  of t h e  furnace h o t  

zone p a r t s  on the  process ,  s p e c i f i c a l l y  i n  terms of impur i t i e s  o r  fore ign  p a r t i c l e s  
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in t roduced  i n t o  the  s i l i c o n  from i t s  environment. 

2.0 PROGHSS 

2.1 Hot Melt Replenishment 

(1) As s t a t e d  i n  t h e  Twentieth Monthly Progress  Report, May 1 - 31, 1979 , 

w e  are cont inuing t o  develop t h e  maximum c a p a b i l i t i e s  of t h e  lump recharging 

method. In  June, during Run No.  47,  w e  were a b l e  t o  improve upon the a b i l i t y  

t o  recharge more than  10 kg  of lump s i l i c o n  p e r  recharge cyc le .  During one 

recharge cyc le  i n  Run No. 47, the  hopper was f i l l e d  wi th  15  kg of lump s i l i c o n .  

It i s  n o t  poss ib l e  t o  dump a l l  15 kg a t  once i n t o  a 12" c r u c i b l e  wi th  a normal 

amount of r e s i d u a l  m e l t .  Therefore,  a two s t e p  dumping procedure was at tempted 

wi th  s a t i s f a c t o r y  r e s u l t s .  The f i r s t  s t e p  was t o  lower the hopper and dump t h e  

s i l i c o n  lumps according t o  the  normal procedure. By monitor ing the  weight ,  we 

were ab le  t o  s t o p  dumping t h e  lumps a f t e r  a c e r t a i n  weight of s i l i c o n  had been 

dumped by r a i s i n g  the hopper and c los ing  the opening. A f t e r  t h e  s i l i c o n  dumped 

during t h e  f i r s t  s t e p  w a s  n e a r l y  melted, w e  again lowered the hopper and dumped 

the remainder of t he  s i l i c o n .  During t h i s  recharge cycle ,  7.8 kg w a s  dumped 

during s t e p  one and 7.2 kg w a s  dumped during s t e p  two. The t o t a l  m e l t  s i z e  

a f t e r  t h i s  recharge cycle  amounted t o  23.5 kg i n  a 12" c ruc ib l e .  The r e s u l t s  were 

successfu l .  This new procedure al lows us t o  recharge up t o  15  kg without  opening 

the  p u l l  chamber door and re loading  the  hopper. 

2.2 Crys t a l  Growth Development 

2.2.1 During t h i s  qua r t e r ,  our  top p r i o r i t y  w a s  t o  improve the  y i e l d  of h igh  

q u a l i t y  c r y s t a l  grown during continuous runs and s i n g l e  runs.  W e  f e l t  t h a t  

t h i s  could b e s t  b e  accomplished f i r s t  by e l imina t ion  any poss ib l e  areas of 

furnace o r  m e l t  contamination. We considered t h e  fol lowing areas: 

1. Air Leaks 

2. Water Leaks 
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3.  Raw Material ( s i l i c o n )  

4 .  Etching Procedure 

5. Carbon P a r t s  

6. V o l a t i l e  Matter (grease ,  etc.)  

Extensive l e a k  checking w a s  performed during t h i s  r epor t ing  pe r iod  

t o  i d e n t i f y  and e l imina te  any p o s s i b l e  a i r  l eaks  i n  the furnace  system. A 

preven ta t ive  maintenance program w a s  i n i t i a t e d  during this per iod.  Also, 

an attempt i s  be ing  made t o  determine the  r e l i a b i l i t y  of instruments  used 

t o  measure vacuum in t h e  furnace  system. By t h e  end of t h e  q u a r t e r ,  w e  f e l t  

w e  had an air  t i g h t  machine. 

As previous ly  repor ted ,  a water l e a k  was discovered i n . a  f a i l e d  weld 

during t h i s  qua r t e r .  A new top  p l a t e  w a s  f i t t e d ,  e l imina t ing  t h i s  sou rce  of  

contamination. However, i t  i s  n o t  p o s s i b l e  t o  d e t e c t  an i n t e r i o r  water l e a k  

i n  t h e  furnace  system by l e a k  t e s t i n g  o r  vacuum readings.  The l e a k  w a s  

found by v i s u a l  observa t ion .  

There has been l i t t l e  work done on i d e n t i f y i n g  poss ib l e  contaminants 

from v i r g i n  s i l i c o n  o r  recyc led  s i l i c o n .  To da t e ,  only a few samples have 

been s e n t  ou t  f o r  impuri ty  ana lys i s .  We more o r  less have t o  r e l y  on o u r  

vendors t o  provide us wi th  h igh  q u a l i t y  raw materials. 

Out e t ch ing  f a c i l i t i e s  are n o t  as good as w e  would l i k e .  We have 

improved ou r  procedures f o r  e tch ing ,  r i n s i n g ,  drying and handl ing  t h e  

s i l i c o n .  Very l i t t l e  i n v e s t i g a t i o n  has  been done t o  determine t h e  p u r i t y  

of t h e  s i l i c o n  prepared i n  t h i s  way. However, t h i s  is  n o t  relevant t o  

v i r g i n  p o l y s i l i c o n  used f o r  continuous runs.  Our ob jec t ive  i s  to arrive at  

an acceptab le  procedure f o r  t he  equipment t h a t  w e  have and then at tempt  t o  

make i t  as reproducible  as poss ib le .  
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Poss ib l e  contamination from carbon p a r t s  has  been a cons tan t  concern 

throughout t h i s  con t r ac t  and t h e  previous cont rac t .  It has  been demonstrated 

i n  t h e  p a s t  t h a t  a m e l t  down attempted under hard  vacuum (no argon flow for 

c leans ing  the  m e l t  su r f ace )  can r e s u l t  in a high carbon content  scum t o  be 

formed on the melt su r face .  W e  f e e l  t h a t  it is  e s s e n t i a l  t h a t  t h e  carbon 

p a r t s  i n  t h e  furnace be of high q u a l i t y .  It must be  free of v o l a t i l e  

materials and be dense enough t o  e l imina te  outgass ing  t h a t  would fo rce  

carbon p a r t i c l e s  i n t o  the  furnace atmosphere where they might b e  blown i n t o  

the  c ruc ib l e  and come i n t o  contac t  w i th  the  m e l t .  Another poss ib l e  d e t r i -  

' m e n t a l  e f f e c t  of poor q u a l i t y  carbon i s  p o s s i b l e  d e v i t r i f i c a t i o n  of t h e  

c ruc ib l e  wherever i t  comes i n t o  contac t  w i th  the carbon p a r t s  (upper and 

lower suppor ts ) .  

S a t i s f a c t o r y  bakeouts are always necessary f o r  carbon p a r t s ,  e s p e c i a l l y  

new ones. However, t h e s e  bakeouts may s t i l l  no t  e l imina te  problems caused 

by poor q u a l i t y  carbon p a r t s .  Again, w e  must r e l y  on ou r  vendors t o  provide  

us wi th  high q u a l i t y  carbon p a r t s .  

P a r t  of t h i s  con t r ac t  ex tens ion  provides  f o r  runs performed wi th  

halogen p u r i f i e d  g raph i t e  p a r t s .  

Other information concerning carbon contamination of  s i l i c o n  can be 

found i n  "An Unsol ic i ted  Proposal  f o r  Continuation of JPL P r o j e c t  954888", 

(2) January 22, 1979 . 
An area of poss ib l e  contamination t h a t  w e  f e l t  w e  had s i g n i f i c a n t  

c o n t r o l  of w a s  t h e  area of v o l a t i l e  matter being introduced i n t o  the  furnace  

atmosphere from a source n o t  d i r e c t l y  r e l a t e d  t o  o r  needed t o  grow c r y s t a l s ,  

f o r  example, vacuum grease on 0 r ings  and o t h e r  types of seals used t o  make 

the  furnace a i r  t i g h t .  The types of materials being used w e r e  i n v e s t i g a t e d  

and found t o  b e  de t r imen ta l  t o  the  crystal growth process .  A s i l i c o n e  base  
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vacuum grease  w a s  s u b s t i t u t e d  f o r  t h e  vacuum grease being used. However, i t  

has been learned  now t h a t  s i l i c o n e  vacuum grease  w i l l  ox id i ze  a t  temperatures 

above 450'F. S i l i c o n  dioxide powder resu l t s  from oxida t ion  along wi th  h i g h l y  

v o l a t i l e  methyl groups. 

We spent  a cons iderable  amount of t i m e  t h i s  q u a r t e r  i d e n t i f y i n g  areas 

of v o l a t i l e  matter contamination, removing t h e  poss ib l e  contaminants and 

making s u r e  t h a t  t he  area w a s  s t i l l  a i r  t i g h t .  By the  t i m e  Run N o .  47 was 

attempted, w e  f e l t  confident  t h a t  t h i s  area of  poss ib l e  Contamination had 

been e l imina ted .  

2.2.2 W e  have s t a r t e d  to  look a t  the  r e l a t i o n s h i p  between argon and s i l i c o n  

monoxide flow p a t t e r n s  i n  the  furnace.  Of i n t e r e s t  i s  what causes monoxide 

t o  be  depos i ted  on t h e  c r y s t a l  as i t  i s  be ing  grown: i s  t h i s  monoxide 

de t r imen ta l  t o  c f y s t a l  growth and can t h e  flow p a t t e r n s  i n  t h e  furnace  b e  

a l t e r e d  t o  e l imina te  t h i s  monoxide coa t ing  without  adversely a f f e c t i n g  

t h e  thermal  condi t ion  of t h e  furnace?  Areas t o  be considered are: 

1. 

2. The he igh t  of t he  c r y s t a l  a t  which t h e  monoxide starts t o  depos i t .  

Amount of argon flow - furnace vacuum and va lve  s e t t i n g s .  

3 .  The e f f e c t s  of t h e  c r u c i b l e  s t a r t i n g  p o s i t i o n  i n  r e l a t i o n  t o  

the  h e a t e r  . 
4. Exhaust mechanisms and methods. 

To da te ,  w e  f e e l  t h a t  monoxide on t h e  grown c r y s t a l  i s  n o t  a cause of 

s t r u c t u r e  l o s s  unless  t h e  monoxide is  contaminated by o t h e r  subs tances  

which could cause l o s s  of s t r u c t u r e .  

2 .3  60 Kilogram Run No. 47 

Tables 1 and 2 summarize t h e  r e s u l t s  of the  60 kilogram (Run No. 4 7 ) .  

Tables 1 and 2 are a s tandard  f o r  r epor t ing  a continuous run i n  t h e  p a s t .  

Crys t a l  s i z e  w a s  s imilar  t o  Run No. 30. However, t he  average growth rate was 

lower. It w a s  f e l t  t h a t  conserva t ive  p u l l  speeds would increase  t h e  y i e l d  o f  
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SUMMARY OF RUN N O .  47 

CRYSTAL INGOT DIAMETER 

AVERAGE GROWTH RATE 

RUN TIME 

THROUGHPUT 

PULLED YIELD 

HIGH QUALITY CRYSTAL 

TOTAL INGOT PULLED 

12.7 cm to 13.5 cm 

6 .8  cm/hr 

51.6 hrs  

1.17 kg/hr 

92.5% 

88.3% 

60.2 kg 

TABLE 1 

6 



0 
z 

ii 
H d h l  

n m 
W 

L, 
d 
a, 

a 
a 

8 
.c, 
n 

m "i ? ?  
0 hl ZJ d m 
rl 

& 
M 

0 
& 
U 

n 
h 
4 

U 
rl 
a, 

a, 
a 

5 

-i 
a, 
C a 

a, 
il 

5 
p?; 
W 0 

L, 

9 
H 
H 

a 
a, 
U 
0 

a 8 
hl rl 

a, a a, 
& 
a, 
? 

5 
I: 
2 

L, 
rn 
& 
Ti 
?-I w 
G 
0 

ll 
Ul 
m 
rl 

0 u 

a, 

.rl 
U 
El 

m 
rl 
d 

n 
4 
W 
n 
&I 
X 
W 

.. 'i h 
rn 
a, a 
3 
rl 
U 
C 
TI 

a h l  
C d  
(d 

hl m 41 0 

hl 
01 a, 

*rl 
H 

a, 
M 
& 
(d 

a 

5 
2 

0 z 
rl 
(d u 
0 
H 

rl 
(d 
U 
0 
H 

n 
4 
v 

n n  N m  
w w  m '4 Ul 

7 



high  q u a l i t y  c r y s t a l  u n t i l  thermal  g rad ien t  parameters could be  optimized i n  

the  furnace.  Even wi th  t h e  slower growth rate, t h e  o v e r a l l  throughput w a s  

n e a r l y  t h e  same as Run No. 30. This w a s  poss ib l e  due t o  t h e  decreased t i m e  

used i n  recharging procedures.  

The percentage of t i m e  devoted t o  a c t u a l  c r y s t a l  growth a t  f u l l  diameter  

w a s  h ighe r  on t h i s  run, 60% as opposed t o  50% during Run No. 30. The amount of 

run t i m e  used f o r  recharging w a s  lowered from 25% i n  Run No.  30 t o  17% i n  Run 

No. 47.  The remainder of t h e  run t i m e  w a s  used f o r  neck growth, crown growth, 

and m e l t  backs of crowns o r  c r y s t a l s  t h a t  may have l o s t  s t r u c t u r e  e a r l y  i n t o  

t h e  run. 

The y i e l d  of h igh  q u a l i t y  material improved dramat ica l ly  wi th  t h i s  Run 

( 8 8 . 3 % ) .  It w a s  f e l t  t h a t  i f  the  c ruc ib l e  had not  f a i l e d  due t o  excess ive  

d e v i t r i f i c a t i o n ,  the run may have continued t o  t h e  100 kg goal  w i th  good r e s u l t s .  

It is  n o t  known why the  c r u c i b l e  f a i l e d ,  bu t  t he re  i s  t h e  p o s s i b i l i t y  t h a t  

new carbon p a r t s  i n s t a l l e d  p r i o r  t o  t h i s  run were e i t h e r  of poor q u a l i t y  o r  

i n s u f f i c i e n t l y  baked ou t .  The p o s s i b i l i t y  of  an i n f e r i o r  c r u c i b l e  a l s o  e x i s t s .  

A sample  of  the  c r u c i b l e  w i l l  be  s e n t  out  f o r  ana lys i s .  

A decis ion  w a s  made a f t e r  the 5 t h  c r y s t a l  had been grown t o  te rmina te  t h e  

run a t  t h i s  po in t  due t o  the  dangerous condi t ion  of t h e  c ruc ib l e  ( l a r g e  inward 

bulges) .  

While w e  were prepar ing  t o  take  a sample of t h e  r e s i d u a l  m e l t ,  w e  n o t i c e d  

s m a l l  v i s i b l e  p ieces  of qua r t z  f l o a t i n g  on t h e  m e l t .  

2 . 4  Sample Prepara t ion  and Analysis  

After Run No. 4 7 ,  i t  was decided i n  a meeting wi th  the p r o j e c t  monitor n o t  

t o  send out a f u l l  complement of samples  f o r  t e s t i n g .  It w a s  agreed t o  send out  

a s m a l l  set of r e p r e s e n t a t i v e  samples i n s t e a d .  

Resul t s  of s o l a r  cel l  a n a l y s i s  and impuri ty  a n a l y s i s  on Run No. 30 have 
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been repor ted  i n  earlier r e p o r t s .  Based upon these  r e s u l t s ,  i t  is f e l t  that 

more s tudy is  needed i n  the  area of impur i ty  a n a l y s i s  of s i l i c o n  samples and 

a l s o  impur i ty  concent ra t ions  i n  the  furnace  atmosphere. Based on ou r  

information t o  d a t e ,  we f e e l  t h a t  high q u a l i t y  c r y s t a l s  may be advantageous 

t o  ob ta in ing  h igh  e f f i c i e n c y  s o l a r  c e l l s  des i red .  

3 .0  CONCLUSIONS AND D I S C U S S I O N  

The o b j e c t i v e  of improving the  y i e l d  of h igh  q u a l i t y  s i l i c o n  c r y s t a l s  has  

been achieved - Run N o .  4 1  (66%)  and Run No.  47 (88%).  We b e l i e v e  t h i s  is a d i r e c t  

r e s u l t  of i d e n t i f y i n g  t h e  poss ib l e  areas of furnace  atmosphere contamination and 

m e l t  contamination and concent ra t ing  on e l imina t ing  as many sources  of contamination 

as poss ib l e .  Even though t h e s e  two runs d id  n o t  l a s t  f o r  t h e  e n t i r e  100 kg goa l ,  

w e  f e e l  t h a t ,  b a r r i n g  a mechanical f a i l u r e ,  t he  100 kg goa l  can be achieved wi th  

acceptab le  y i e l d s  of h igh  q u a l i t y  s i l i c o n  c r y s t a l .  The throughput on t h e s e  two 

runs w a s  very  c l o s e  t o  the  throughput p ro jec t ed  f o r  c r y s t a l s  grown from 12" 

c ruc ib l e s  - 1.2 kg/hr.  

We have experienced a c e r t a i n  amount of success  wi th  the  lump recharg ing  

device  which has  enabled us t o  exceed our  i n i t i a l  estimates of t h e  c a p a b i l i t i e s  of 

t h e  hopper and lump method of recharging. W e  have been ab le  t o  decrease t h e  amount 

of run t i m e  devoted t o  recharging ( r e f e r  t o  Sec t ion  2 .3 )  from 25% t o  17%. 

Poss ib l e  sources  of m e l t  contamination and furnace  atmosphere contamination 

have been i d e n t i f i e d .  E f f o r t s  have been made and are cont inuing t o  eliminate a l l  

p o s s i b l e  sources .  S ince  c e r t a i n  types of d a t a  are necessary to  determine i f  

improvements have a c t u a l l y  occurred, w e  f e e l  i t  i s  e s s e n t i a l  t o  send r e p r e s e n t a t i v e  

samples out  f o r  impuri ty  ana lys i s .  This is be ing  done and w i l l  cont inue  i n  the  

fu tu re .  

4.0 PLANS 

The dec i s ion  has  now been made by a l l  persons d i r e c t l y  r e spons ib l e  f o r  t h e  
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p r o j e c t  to  convert  t he  E L  fu rnace  h o t  zone t o  14" p a r t s .  W e  w i l l  n o t  go back 

t o  12" p a r t s  un less  i t  i s  determined t h a t  i t  i s  n o t  p o s s i b l e  t o  achieve t h e  

p r o j e c t ' s  goals  by using the  14" p a r t s .  

Process  parameters w i l l  be  eva lua ted  f o r  t h e  14" set up and changed as 

necessary  t o  improve t h e  system t o  m e e t  our  ob jec t ives .  Mechanical parameters 

w i l l  a l s o  b e  evaluated and co r rec t ed  where necessary - f o r  example, e f f e c t s  of 

more weight pe r  c r y s t a l .  

Fur ther  s tudy  and work w i l l  be  performed t o  n o t  on ly  e l i m i n a t e  p o s s i b l e  

sources  from contamination, bu t  a l s o  to prevent  t hese  sources  from recu r r ing .  

More samples w i l l  be  s e n t  o u t  $or impur i ty  a n a l y s i s  so t h a t  w e  can at tempt  

t o  d e f i n e  t h e  r e l a t i o n s h i p s  between contaminant concent ra t ions  and s t r u c t u r e  

l o s s  mechanisms. 
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5.0 COSTS AND MAN HOURS 

M a n  Hours 

c o s t s  

PRIOR REPORTED CURRENT MONTH TOTAL 

10,452.0 614.5 11,066.5 

$ 371,695 $ 31,336 $ 403,031 

Not included i n  t h e s e  f i g u r e s  i s  a total of  108 hours  o f  overtime worked. 'Jhis 

would y i e l d  a t o t a l  man hours '  f i g u r e  of 11,'174.5 hours .  
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